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Technology: OptoelectronicsNews Update
Solar photovoltaic generation
of electricity has a big prob-
lem with currentl -available
technology, it’s not terribly
efficient.The ”solar constant”
is ~1.35kW/m2. Most off-the-
shelf solar panels can only
convert about 20-30% of that
to electricity.
Improvement is clearly possi-
ble. Some researchers have 
figured out ways to boost that
efficiency to 50% or more.
One of the more interesting
approaches involves using 
selenium nanocrystals to boost
efficiency to up to 60%.
Now researchers at the US
Department of Energy’s
National Renewable Energy
Laboratory have pushed that
concept to a new potential 
efficiency peak. By using lead
sulfide as the nanocrystal or
QD material, the NREL team
claims a potential efficiency of
more than 65%.
Randy J Ellingson et al, from
National Renewable Energy
Laborarory, Department of
Chemistry, University Golden
and Boulder, Colorado and Naval
Research Laboratory,Washing-
ton, DC. report on ultra-efficient
multiple exciton generation
(MEG) for single photon absorp-
tion in colloidal PbSe and PbS
QDs in the American Chemical
Society’s Nano Letters May.
“Transient absorption spec-
troscopy is used and present
measurement data acquired for
both intraband as well as inter-
band probe energies.
“Quantum yields of 300% indi-
cate the creation, on average, of
three excitons per absorbed
photon for PbSe QDs at photon
energies that are four times the
QD energy gap.“
Quantum dots for solar power
Andrew Shields and colleagues
at Toshiba‘s Cambridge Research
Laboratory, UK have been refin-
ing on the development of a
GaAS LED with InAs QDs. It pro-
duces up to 1000 single pho-
tons per second - allowing a
data transfer rate of 1Mbs.
And the photon gun works at
the same light wavelength as
commercial optical fibres - at
1.3micrometers.“It could be
commercially available within
two to three years,” says
Shields.
The device is basically a stan-
dard LED made of GaAs but
contains a layer of quantum
dots - clusters of InAs, each
containing just a few thousand
atoms.
In a conventional LED, elec-
trons in the central layer com-
bine with ‘holes’ - or absences
of electrons - releasing a pho-
ton in the process.
In the new device, this recom-
bination takes place only inside
the QDs which emit photons of
a wavelength similar to their
size. So the size of the dots
determines the wavelength at
which the device operates.A
masking layer then allows only
the light from a single dot to
escape, ensuring that the
device emits only one photon
at a time.
This will make the process of
comnunicationusing quantum
light properties more secure.
“We are in the process of build-
ing our own quantum encryp-
tion equipment,” says Shields.
The Toshiba team unveiled the
device at the Quantum
Electronics and Laser Science
conference in Baltimore, US.
GaAS LED with InAs QDs 
Results indicate that the thresh-
old photon energy for MEG in
QDs is twice the lowest exciton
absorption energy.
The biexciton effect, which
shifts the transition energy for
absorption of a second photon,
is found to influence the early
time transient absorption 
data and may contribute to a
modulation observed when
probing near the lowest 
interband transition.
Experimental and theoretical
values of the size-dependent
interband transition energies for
PbSe QDs are presented, as well
as experimental and theoretical
values of the size-dependent
interband transition energies for
PbSe QDs, and a new model for
MEG based on the coherent
superposition of multiple exci-
tonic states is introduced.”
Various world changing appli-
cations of quantum dots have
been noted (such as infrared-
sensitive polymer PV with
~30% efficiency, and for high-
efficiency reversible thermo-
electric materials). It is clear
that nanomaterial and nano-fab-
rication research will be criti-
cal for making solar PV suffi-
ciently efficient for widespread 
adoption.
As usual, the actual article is
behind a subscription wall (and
the journal is probably too spe-
cialist for most non-university
libraries), but http://blog.
monkeysign.net/monkeysign/
2005/05/nanocrystal_sol.html
dissects how the technology
works, and what challenges
remain before it could 
conceivably make its way to
real-world use.
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